In addition to specificity with regard to substrate, the type of bacterium, which elaborates fibrinolysin, seems to be sharply limited. With the possible exception of the slow, irregular, liquefying effect of some strains of Staphylococcus aureus, fibrinolysis is a unique function of streptococci, and not demonstrable with other species of bacteria ordinarily associated with infection in man. A study has not been made of the many types of microorganisms occurring in animals or nature.
Concerning streptococci, only strains producing the beta type of hemolysis, as defined by Brown (1919) , have been found to be active. Subsequent reference will be made to the importance of determining the type of hemolysis.
One other element of specificity, which will be elaborated in this paper, is brought out by the fact that, whereas beta hemolytic streptococci isolated from patients are usually highly fibrinolytic, strains of animal origin are often inert in this respect.
In pursuing studies of the fibrinolytic phenomenon, two hundred and seventeen strains have been acquired for bacteriological study. The strains were selected with particular attention to the source, and each one was of the beta hemolytic type. With a few exceptions, the human strains were isolated in this laboratory from patients in the wards of the hospital. The animal strains were given to us by Dr. J. Howard Brown of the Johns Hopkins Medical School, by Dr. Philip R. Edwards of the Kentucky Agricultural Experiment Station, and by Dr. R. C. Lancefield of the Hospital of the Rockefeller Institute. These investigators have also permitted us the use of results contained in published reports and in personal communications, thus insuring correct identification of the strains. It is a pleasure to acknowledge indebtedness to Dr. Brown, Dr. Edwards, and Dr. Lancefield for their generous assistance and suggestions.
The purpose of the investigation has been to correlate the fibrinolytic activity of the strains with other biological and biochemical properties of streptococci. The strains have been evaluated with respect to human pathogenicity on the basis of the presence or absence of fibrinolytic capacity in relation to the origin of the strain. In addition, the lytic potency of the several active cultures has been determined with consideration of the type and severity of the infection produced in patients. The limitations, which restrict the interpretation of the results, will be referred to as the observations are described.
The investigation has been further extended to include, where applicable, a comparison of fibrinolytic activity with selected biochemical cultural characteristics which are commonly utilized in the bacteriological classification of hemolytic streptococci.
Although the serological classification, devised by Lancefield (1933), has not been carried out in this laboratory, Dr. Lancefield has very kindly permitted the incorporation of her published results in the tables of this report. Since many of the animal strains used by us were sent by Dr. Lancefield, the characterization of the strains is made more complete by tabulating all of the results together.
One of the striking features of the fibrinolytic phenomenon is the rapidity with which the fibrin may be dissolved. Under optimal experimental conditions, liquefaction occurs in a few minutes. However, the time necessary to effect complete lysis, is not the same with all strains (Tillett and Garner, 1933; Hadfield, Magee and Perry, 1934; Madison, 1934 In testing many of the doubtful or negative strains, a fibrin clot composed of fibrinogen, chemically isolated from blood, coagulated with solutions of thrombin, also derived from blood, has been employed. The reason for this is based on the fact that the fibrinogen-thrombin coagulum is more susceptible to lysis than the clot of whole plasma. The method of obtaining fibrinogen and thrombin solutions has been previously described (Tillett and Garner, 1933) .
Cultures. Plain, unbuffered, meat infusion broth, pH 7.6, containing 0.05 per cent glucose, has been the culture medium of choice. The cultures were allowed to incubate for sixteen to twenty-four hours and used promptly.
The strains, derived from patients, originally came from colonies picked from the surface or depths of blood agar cultures. The fibrinolytic test was, in the greatest number of instances, performed with the first broth subculture.
Strains received from other laboratories have been, in many instances, in artificial cultivation for several years. The data concerning these strains will be appropriately recorded.
Biochemical reactions. Sugar fermeentations. Before proceeding with a description of the observations with which this report is primarily concerned, it is desirable to record briefly certain conditions which influence the fibrinolytic activity of cultures. Some of these factors are being given special study and the results will be presented in subsequent publications; others have not yet been investigated.
Identification of strains. As previously stated, fibrinolysis appears to be limited to hemolytic streptococci of the beta type. Frequently hemolytic colonies have been picked from the surface of solid media and found to be non-fibrinolytic. When these negative cultures were subcultured in poured blood agar, properly incubated, and finally chilled in the icebox for twentyfour hours, it was often found that they belonged to types classified by Brown as alpha or alpha prime (Brown, 1919) , or as doublezoned (Brown, 1934) . It is evident, therefore, from this experience that, when a strain of streptococcus proves incapable of liquefying fibrin, the type of hemolysis should be correctly established.
Culture medium. The transfers were made at weekly intervals.
From the results it may be seen that the subcultures in plain broth in sequence tended to weaken in activity whereas those kept in blood broth maintained maximum potency. These same conditions do not, however, hold for all strains. With some, maximum activity is continually retained regardless of the type of culture media used. With other weakly lytic strains, no enhancement of activity has yet been accomplished. The lability in the function of some strains and the stability of others has been frequently observed.
Relation of lytic potency to duration of cultivation outside the body. It may be briefly stated that some strains have been found to be highly lytic when first obtained from a patient while after several weeks or months of repeated subculturing, the dissolution time is markedly slowed. The human strains used in this investigation were, with few exceptions, tested on the first or second subculture after isolation. This procedure was an attempt to approximate by the laboratory test the potential lytic capacity of the strain when causing infection.
Importance of time factor in preparing a test. This factor in the technical procedure refers to the effect on dissolution rate of the length of time plasma culture mixtures are allowed to remain liquid before the addition of CaCl2. The These results indicate that even in normal plasma there is a small amount of antifibrinolytic substance which, during incubation, gradually "neutralizes" the lytic principle. The inlibiting factor in normal blood was also indicated by previous experiments (Tillett and Garner, 1933) which demonstrated that the fibrin formed by clotting fibrinogen solutions with partially purified thrombin was dissolved more rapidly than the coagulum of whole plasma clotted with CaCl2.
In view of the results just described, it has been the rule, in this laboratory, to prepare only ten or twelve tests at a time, thus minimizing the effect of the normal antifibrinolysin.
Selection of plasma. Oxalated plasma should be employed within forty-eight hours after removal from the body. In older samples coagulation with CaCl2 is inhibited or very much delayed.
It is also important to use only plasma, the fibrin clot of which is known to be highly susceptible to lysis. Previous reports (Tillett, Edwards and Garner, 1934) promptly identified and fibrinolysis was determined with the first broth transplant. Since the individuals, from whom the streptococci were obtained, were patients in the hospital, it was possible to establish with considerable certainty the relationship of the organisms to the type of infection. The fulfillment of these conditions has been considered helpful in evaluating results which have, at best, the potential fallacies inherent in Holman (1916) , it ferments trehalose and not sorbitol (Edwards, 1932 (Edwards, , 1933 , it belongs to Group A in the serological classification of Lancefield (1933) ; toxin production has not yet been estimated.
With respect to the potency of the cultures, the number of strains representing each type of infection is too few to justify statistical analysis. It is interesting to note, however, that among the strains, which were derived from conditions particularly characterized by bacterial invasion (septicaemia and acute suppurative processes), approximately 87 per cent belong to the more highly active groups (+ + + + and + + +), whereas only 13 per cent are weakly lytic (+ + and +). In contrast, the low grade disorders and normal carriers supplied strains, the majority of which (60 per cent) belong to the weakly lytic groups (+ + and +) and 40 per cent to the more rapidly acting groups (+ + + + and + + +).
Although all of the strains included in table 1 have not been tested for fermentative action on sugars, several examples of each group have been so used. Lactose and salicin were regularly fermented, but mannitol was unaffected. This selectivity is commonly encountered with human strains of hemolytic streptococci and is characteristic of strains designated S. pyogenes (Holman, 1916) . Furthermore, each of these strains fermented trehalose but failed to attack sorbitol (Edwards, 1932 (Edwards, , 1933 i, In order to determine whether or not there is an association between fibrinolytic activity and the sugar fermentation reactions used by Holian (1916) in the classification of streptococci, a few strains have been available, which, because of their special reactions, are separated from the pyogenes group. These cultures consist of two strains of Str. alactosus, three strains of Str. infrequens, four strains described as similar to Str. equi, and one strain of Str. anginosus. The organisms have been in artificial cultivation for periods of time varying from a few weeks to several years; all but two (Y. and Scott) were obtained at autopsy. Because of the interest in, and probable importance of, the source of the strain in relation to biological characteristics, the origin of each culture is given in table 2 along with the results of biochemical reactions.
The results indicate that fibrinolysis is not necessarily associated with any particular pattern of fermentative action but does appear to be related to the disease-producing capacity of the strain when isolated. For example Str. alactosus strain S. H. caused acute peritonitis in the patient and is maximally fibrinolytic. Str. alactosus strain Y., on the other hand, had no demonstrable relationship with the endocarditis (Streptococcus viridans) from which the patient suffered. Similar circumstances hold for the four Str. infrequent strains. The negative strain, 13571-I, in this group was one of five species of bacteria obtained at autopsy performed thirty-four hours after death of the patient. The findings undoubtedly represent post-mortem invasion, since the patient's clinical condition was not that of infection.
Since the typical Str. equi fails to attack either sorbitol or trehalose, the three strains in table 2, because of their atypical action in these sugars, are designated as equi-like. The relation of the strains to disease is not entirely clear. The hemolytic streptococci were probably part of a mixed infection.
A third group of human strains, which are considered separately, consists of seven cultures of so-called Streptococcus epidemicus. The strains, received from Dr. Philip Edwards, were derived from patients suffering from septic sore throat, which occurred in milk-borne epidemics. The results of biochemical reactions and fibrinolytic tests are presented in table 3.
The bigh degree of fibrinolytic potency of this group of epidemic strains is striking. It is also interesting to note that the organisms have been in artificial laboratory cultivation for several years.
The observations, which have just been described, were made with one hundred and fifty-seven strains of beta hemolytic streptococci derived from human sources. The experiments were carried out with as strict adherence as possible to conditions which were outlined in the earlier part of this article and are deemed important. One hundred and fifty-four of the strains possessed fibrinolytic activity. Of the three negative cultures, one was from a case of scarlet fever; in the other two instances, the organisms were not obtained from the sites of active infection and were, in all probability, not associated with illness in the patients.
Hadfield, Magee, and Perry (1934) tested twenty-nine human strains and divided them, according to fibrinolytic potency into three groups, the least active of which caused lysis slowly and incompletely in twenty-four hours. Eighteen of the strains belonged to the weakly active group. The more potent strains were from cases with severe infection. Recently Madison (1934) The biological, biochemical, and serological characteristics, which distinguish animal strains of hemolytic streptococci, have been extensively investigated by others and reviews of the literature may be found in numerous articles (Lancefield, 1933; Edwards, 1932 Edwards, , 1933 Brown, Frost and Shaw, 1926 (1934) .
In a previous report (Tillett and Garner, 1933) it was shown that only 3 out of 18 animal strains of beta hemolytic streptococcus were capable of dissolving human fibrin clot. Since the original report, additional strains have been obtained and studied in detail. The results given in table 4 were obtained with animal strains, exclusive of the bovine group.
From the table it may be seen that only two of the strains are capable of dissolving human fibrin clot. One of these (K158C) conforms in both biochemical reactions and in serological classification to a human strain. That fibrinolysis occurs, is, therefore, to be expected. The other active animal strain (K61) behaves in every way, except in the fibrinolytic test, as an animal strain and seems to be, therefore, an exception.
In view of the fact that a preponderant majority of human strains of hemolytic streptococci were found to possess the lytic function whereas animal strains were usually devoid of this activity, special attention has been given to strains derived from cows or milk. It is unnecessary to discuss the practical importance which is associated with these veterinary strains. Hemolytic streptococci of dairy origin present the problem of whether they may be pathogenic for men and cause epidemics of septic sore throat, or are probably harmless for man. The investiga-124 WILLIAM S. TILLETI tions of others, which need not be reviewed here, indicate that, by the determination of several biochemical reactions, the pathogenic significance of the organisms may be evaluated. If the strains are low-acid-producing, and incapable of hydrolyzing sodium hippurate, the tests for fermentation in trehalose and 
sorbitol, as devised by Edwards (1932 Edwards ( , 1933 Forty-three strains from either milk or cows have been investigated and divided into two groups: those belonging to the so-called epidemicus groups, and those considered harmless for man. The results, contained in table 5, were obtained with strains which were isolated from cows or milk and six of which were obtained at the time of human epidemics occurring in the same localities.
All of these strains possess fibrinolytic activity to a high degree. The organisms were considered by the investigators from whom they were received as being the cause of acute infection among The data in tables 5 and 6 indicate that the presence of fibrinolytic activity coincides, in general, with the biochemical reaction of human strains of beta hemolytic streptococci, whereas the non-lytic cultures behave, in other respects, as animal strains. Lysis accompanies with great frequency the selective action on sorbitol or trehalose of the strains which fulfill the conditions defined by Edwards for classification. The representatives of the serological groups, which constitute the subdivisions of the animal strains, were inactive against fibrin regardless of whether they belonged to group B, C, or E.
It is interesting to note in passing that, of the ten group B strains, eight fermented lactose, but failed to attack mannitol or salicin. This selectivity in fermentative reactions conforms to the anginosus group of Holman (1916) .
Strains V 9 and B 112 were double zoned hemolytic streptococci (Brown, 1934 The results, presented in this communication, represent an attempt to correlate the fibrinolytic activity with other biological characteristics and biochemical reactions of beta hemolytic streptococci. With the selected strains, which were employed, and under the experimental conditions, which have been described in detail, the capacity of the organisms to attack human fibrin bore a definite relationship to human pathogenicity. The preponderant majority of strains isolated from cases of infection were fibrinolytic. Furthermore, streptococci from patients having severe, spreading infections often had maximal lytic potency, whereas strains from milder disorders tended to be weaker. The non-fibrinolytic strains consisted of a group which were not associated with illness or were derived from animals. These strains are, in all probability, not pathogenic for man.
Although Hadfield, Magee, and Perry (1934) , and Madison (1934) did not find fibrinolysis to be as constantly associated with human strains as has been the experience in this laboratory, the authors just mentioned did report that the more potent strains came from the more serious disorders, and that the animal strains, which they tested, were inactive or very slowly lytic.
The identification of cultures of hemolytic streptococci, which are either an actual or potential menace to man, and their separation from other streptococci, which come from a variety of sources and are probably not capable of producing human disease, is a well-recognized problem. A (Hare, 1934) , capacities to survive and multiply in the tissues, production of toxin, and other methods of causing tissue damage. It becomes necessary, therefore, in studying the mechanism of bacterial pathogenicity to consider both qualitatively and quantitatively, the several properties possessed by the organisms and to evaluate them with respect to the type and degree of host immunity. The particular activity of hemolytic streptococci, to which this presentation is limited, concerns a single specific bacterial property, which acts upon and alters a particular type of tissue, namely fibrin.
CONCLUSIONS
There is a relationship between the infectivity of beta hemolytic streptococci for man and the fibrinolytic property of the cultures.
The determination of the presence or absence of fibrinolysin in the cultures is a helpful procedure in separating human pathogenic strains from others which probably do not cause human disease.
